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Summary
Objective: To investigate the magnitude of rural in-migration and the role of in-migrants in the
observed increase in HIV-1 prevalence in rural Kilimanjaro, Tanzania.
Methods: A cross-sectional study involving the adult population aged 15—44 years residing in a
rural village was conducted from March to May of 2005. Participants were interviewed regarding
their risk behaviors and gave blood for HIV-1 and syphilis testing.
Results: Overall, the response rate was 73.0% (1528/2093). A total of 699 (48.1%) participants
reported having in-migrated to the village at some point during their life. The prevalences of HIV-
1 infection were 1.8%, 2.3%, and 3.7% among non-in-migrant, long-term in-migrant, and recent
in-migrant men, respectively (ptrend < 0.001). The corresponding prevalences among women
were 9.2%, 11.5%, and 14.5%, respectively ( ptrend = 0.048). The odds of HIV-1 infection were
higher among recent in-migrants as compared to non-in-migrants (men: adjusted odds ratio (AOR)
2.4, 95% CI 1.8—6.6; women: AOR 2.3, 95% CI 1.1—5.0). Risk behaviors were inversely related to
years since in-migration for both sexes.
Conclusions: The results suggest that rural in-migration is common for both men and women. In-
migrants were at higher risk for HIV-1 infection and contributed significantly to increased rural
HIV-1 prevalence. More studies to examine the rate and broader causes of rural in-migration in
similar communities are called for. These may help in the design of intervention strategies for
curbing the rising rural HIV epidemic.
# 2008 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.* Corresponding author. Tel.: +47 22 85 13 69; fax: +47 22 85 15 32.
E-mail address: e.j.mmbaga@medisin.uio.no (E.J. Mmbaga).
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Human migration has been the main source of epidemics
throughout recorded history.1 Migration is common in sub-
Saharan Africa for social, political, and economic reasons.
Labor migration is a prime reason for permanent migration
and for seasonal mobility leading to prolonged separation of
partners and families.2—4 Marriage and divorce or separations
are also important reasons for migration. The HIV virus took
advantage of high levels of mobility in a relatively short time
frame to become a worldwide epidemic.5—7 Migration influ-
ences risk through exposure to differential prevalences of
HIV-1, disruption of social control, and alteration of risk
behaviors.5,8,9 Moreover, evidence exists that some people
living with HIV do move to rural areas close to their families
to obtain care and to be in a community with shared needs
and interests.10—12 Since the majority of them are sexually
active, they may play a major role in HIV-1 transmission in
rural communities.
The role of ‘circular’ or ‘oscillating’ migration in the
spread of HIV-1 infection in Africa has been described in
many studies.4,9,13—17 These studies have largely focused on
rural-to-urban migration where men leave their rural part-
ners to work in urban areas and return home periodically
acting as a bridging group in HIV-1 transmission. Additionally,
most of these studies have included only men, have not
considered the rural end of migratory routes, and have not
explored the HIV-1 magnitude and sexual risk behaviors
among permanent rural in-migrants. Evidence of increasing
HIV prevalence in rural Sub-Saharan Africa is mounting.18—20
As baseline prevalence is an important factor for HIV-1 spread
regardless of any level of sexual risk behavior, it is important
to explore factors responsible for the increasing prevalence
in these communities.
In Kahe ward, Kilimanjaro, Tanzania, the study area for
this paper, HIV-1 prevalence increased significantly from 3.2%
in 1991 to 5.9% in 2005.20 This increased prevalence could be
attributed to a high incidence rate, in-migration of people
living with HIV or those with a high risk of HIV infection. For a
number of decades, out-migration in search of work, educa-
tion, and experience has been taking place in the region.
Periodical return to the area for marriage, celebration, visit,
heritage, or care in the case of illness, is common.21 We have
already documented the initial incidence of HIV-1 infection
to be high in this population.22 We now investigate the rate of
rural in-migration and the role of these in-migrants in the
increasing HIV-1 prevalence in this rural area, as this is
pivotal in mitigating the spread of the epidemic.
In this study, we tested two hypotheses: firstly, rural in-
migration is common for both men and women in the village
of Oria and secondly, in-migrants have different (higher)
prevalence rates of HIV-1 infection and risk behaviors and
hence affect the spread of HIV-1 infection in this rural
community.
Methods
Study area and population
The data in this study stem from a cross-sectional study of the
adult population aged 15—44 years residing in the village ofOria, Kahe ward. Oria is a rural village at the foot of Mount
Kilimanjaro about 30 km from Moshi town in the Kilimanjaro
region of Tanzania. The village lies in the lowland area of
Moshi, a place famous for rice cultivation. In the 1990s, the
Japanese Government constructed a modern irrigation
scheme in Oria village increasing rice production. This con-
struction has attracted many people to live in the village,
working in the plantations or trading rice between the village
and urban areas where the price is high.23 The Chagga, Pare,
and Kahe are the largest ethnic groups in the village. These
tribes are considered indigenous to the Kilimanjaro region.
Other smaller tribes coming from different parts of the
country, mostly the Sambaa, Zigua, Masai, and Safa, are also
present. The Chagga and Pare are known for their entrepre-
neurship and are among the most educated groups in Tanza-
nia. People from these tribes will normally establish
themselves in the cities/towns, but still develop and main-
tain some family members (especially old family members) in
the village. It is a tradition for these people to move into the
village when they are old, ill (including HIV/AIDS), or for
burial.24 Some may also move in for business or agricultural
activities. Despite the tie between these individuals and the
village, they are originally not born or raised in the village,
hence may have different sociocultural norms. These people
may be sexually active and engage in sexual relationships
with other villagers.
Study design and data collection procedures
A population-based cross-sectional study was conducted
between March and May of 2005 involving all individuals aged
15—44 years living in the village of Oria. Eligibility was based
on having an address in the village. This was to ensure that
real villagers were involved and not people visiting for a day
or two. A house-to-house registration was completed where
all eligible individuals were listed (N = 2093). The list was
counter-checked with the available village census list to
ensure complete enumeration. The village had nine hamlets
(lowest administrative units) and data collection was done
from hamlet to hamlet. Dates to visit each hamlet for data
collection were set by the research team and the hamlet
leaders. All the listed participants were visited at home by
the research team on the agreed dates.
The survey collected information on demographic factors,
alcohol consumption, sexual risk behaviors, and past treat-
ment for sexually transmitted infections (STIs). A number of
questions were also included to assess the level of HIV
transmission knowledge and individual risk perception. To
explore the magnitude and risk of HIV-1 infection among in-
migrants in this rural community, history of long-term and
recent in-migration was examined. Long-term in-migrants
were defined as those individuals who were not born in the
village but had moved into the village more than 1 year
preceding the survey, while recent in-migrants were defined
as those who had moved into the village during the year
preceding the survey. This was based on a question about how
long the participant had lived in this rural community. The
use of 1-year residence as recent in-migration was based on
socio-anthropological experience of time needed to inte-
grate into these communities.24 This study examined rural
in-migrants who aimed at establishing themselves in the
village, as opposed to a number of published studies that
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month, etc.) out of their homes for a short time (days or
week) and returning back (circular migration),15—17,25 or
those that have consideredmigrants as a single group without
categorizing them by when they migrated.13 The interviews
were followed by pre-test counseling and phlebotomy for
HIV-1 and syphilis serological tests. Appointments were made
with each participant for post-test counseling within two
weeks from the date of sample collection.
Ethical issues
Ethical approval for the study was provided by the Ethical
Committee of the Ministry of Health in Tanzania and the
Norwegian Committee for Medical Research Ethics. The vil-
lage government of Oria granted permission for the study.
Participants gave separate written informed consent for the
interview and for the blood sampling. For those who did not
know how to read and write, the consent information was
read to them in front of the village leader. If they agreed to
participate, they provided a thumbprint and the village
leader signed as a witness. Other subsequent information
was collected in the absence of the leader with a high degree
of confidentiality. HIV-1 test results were issued to respon-
dents in person after post-test counseling. All HIV-positive
individuals were enrolled in a local counseling group of
people living with HIV (KIWAKKUKI) for continued counseling
and antiretroviral treatment. Prevention of mother-to-child
transmission of HIV for those becoming pregnant was also
accessible from the nearby regional hospital. Participants
diagnosed to have other treatable STIs such as syphilis were
treated together with their partners free of charge. All
residents of the village (participants and non-participants)
had access to free treatment for other common medical
conditions from a research mobile clinic during the time of
the survey. The treatments offered were not a subject of
participation.
Laboratory methods
To test for the presence of HIV-1 antibodies, two independent
enzyme-linked immunoassay (ELISA) systems (Vironostika
Uniform II Plus O; Organon, Boxtel, the Netherlands and
Enzygnost Anti-HIV 1/2 Plus; Dade Behring, South Africa)
were used. If the ELISA results were discordant or weakly
concordant, Western blot (Bio-Rad Laboratories Ltd, Dart-
ford, UK) was used for confirmation. Past infection with
syphilis was tested using the rapid plasma reagin test (Immu-
trep RPR; Omega Diagnostics, Scotland, UK). All specimens
were tested at the clinical laboratory of a referral hospital,
Kilimanjaro Christian Medical Centre, Moshi, Tanzania.
Statistical analysis
The Statistical Package for Social Sciences version 12 (SPSS
Inc., Chicago, IL, USA) was used for data analysis. HIV-1
serostatus was used as the primary outcome variable. To test
for differences between means, the Student’s t-test or one-
way analysis of variance (ANOVA) was used, and for catego-
rical variables, the Chi-square test was used for differences
in proportions. The Chi-square test for trends in proportionwas used to test trends in risk behaviors across immigration
status. Two additive scales were created for HIV-1 transmis-
sion knowledge and risk perception. The knowledge scale
(items = 10) had a score range of 0—10, while the risk per-
ception scale (items = 2) had a score range of 0—6. Both
scales had a Cronbach’s alpha of 0.55. In the final analysis
the knowledge scale was categorized as ‘not knowledgeable’
if the score was 0—7 and ‘knowledgeable’ if the score was
above 7. The risk perception scale was dichotomized (0—3 vs.
>3) where the lower half of the scale indicated ‘not at risk’
while the upper half indicated ‘at risk’. A stepwise-backward
elimination logistic regression technique was employed to
estimate adjusted odds ratios (AOR) where models were
fitted for men and women separately. Demographic (age,
marital status, tribe, and occupation) and risk behaviors (>2
sexual partners in the past 12 months, unprotected casual
sex, exchangemoney/goods for sex, local brew consumption)
adjusted in the final model were based on the risk factors
identified to be related to HIV-1 infection in this study
population.20,26 However, the final model was based on the
best estimate of AOR and precision. All p-values were derived
from a two-sided test and 95% confidence intervals (CI) are
reported.
Results
A total of 1528 villagers in the age range of 15—44 years
participated in the study, giving a response proportion of
73.0% (1528/2093). Among the participants, 59.8% (914)
were women, and participation did not differ significantly
between women (73.7%) and men (72.1%). Participants and
non-participants in this survey did not differ by sex
( p = 0.524) or mean age (28.2 (8.4) vs. 27.9 (8.6) years,
respectively; p = 0.783). Of the 1528 participants, 1454
responded to the residence status question. Out of these,
755 (51.9%) reported having lived in the village since birth
and were classified as ‘non-in-migrants’, 578 (39.8%)
reported having moved to the village more than 1 year ago
andwere classified as ‘long-term in-migrants’, and 121 (8.3%)
reported having moved to the village during the year pre-
ceding the survey and were classified as ‘recent in-migrants’.
From ANOVA, mean age did not differ significantly between
the three groups (27.4 (7.9) for non-in-migrants, 27.1 (8.1)
for long-term in-migrants, and 27.2 (8.0) for recent in-
migrants; p = 0.632).
Table 1 presents the distribution of demographic charac-
teristics by in-migration status. Marital status, tribe, and
occupation composition differed significantly by in-migration
status as indicated in the table.
HIV-1 risk behaviors
Comparisons of sexual risk behaviors by in-migration status
separately for men and women are presented in Tables 2
and 3. An increased trend in sexual activity with in-migration
status was observed. The proportion of individuals reporting
to be sexually active increased inversely with time lived in
the village. These observations were significant for both
sexes. Poor perception of HIV risk, having 2 sexual partners
in the past 12 months, having unprotected casual sex, having
transactional sex, local brew consumption, and history of STI
Table 1 Distribution of demographic characteristics by migration status among adults in a rural village in the Kilimanjaro region of
Tanzania
Variable Category Non in-migrants
n (%)
Long term
in-migrants n (%)
Recent in-migrants
n (%)
p-Valuea
Sex Male 313 (41.5) 224 (38.8) 45 (37.2)
Female 442 (58.5) 354 (61.2) 76 (62.8) 0.487
Age groups (years) 15—24 331 (43.8) 219 (37.9) 50 (41.3)
25—34 249 (33.0) 202 (34.9) 46 (38.0)
35—44 175 (23.2) 157 (27.2) 25 (20.7) 0.062
Marital status Single 271 (35.9) 134 (23.2) 39 (32.2)
Married/cohabiting 413 (54.7) 381 (65.9) 70 (57.9)
Separated/widowed 71 (9.4) 63 (10.9) 12 (9.9) <0.001
Tribe Chaga 201 (26.6) 187 (32.3) 25 (20.7)
Pare/Kahe 312 (41.3) 182 (31.5) 47 (38.8)
Others 242 (32.1) 209 (36.2) 49 (40.5) <0.001
Religious affiliation Catholic 193 (25.5) 153 (26.5) 25 (20.7)
Protestant 212 (28.1) 191 (33.0) 46 (38.0)
Muslim 350 (46.4) 234 (40.5) 50 (41.3) 0.058
Education No formal education 90 (11.9) 72 (12.4) 13 (10.7)
Primary 603 (79.9) 453 (78.4) 91 (75.2)
Secondary + 62 (8.2) 53 (9.2) 17 (14.1) 0.473
Main occupation Farmer 702 (93.0) 493 (85.3) 98 (81.0)
Employed 23 (3.0) 18 (3.1) 5 (4.1)
Business 30 (4.0) 67 (11.6) 18 (14.9) 0.006
a p-Value by Chi-square test.
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ship with the duration of stay in the village among men
(Table 2). For women, HIV transmission knowledge, HIV risk
perception, having2 sexual partners in the past 12 months,
having unprotected casual sex, and history of STI treatmentTable 2 Comparison of HIV-1 risk factors by in-migration status am
Variables Category No
n =
Sexually active Yes 27
Age at sexual debutb <17 years 11
HIV transmission knowledge Not knowledgeable 2
HIV risk perception Not at risk 2
No. partners past 12 monthsb 2 2
No. partners past 5 yearsb 2 12
Ever used condomb Yes 13
Condom use during last casual sexc Not used 9
Exchanged money/goods for sexb Yes
Local brew once/week Yes 3
Treated for STI past 5 yearsb Yes 1
Treated for GUD past 1 monthb Yes
Treated for GDS past 1 monthb Yes
Positive RPR test Yes
STI, sexually transmitted infection; GUD, genital ulcer disease; GDS, g
a p-Value for trend test in proportion across immigration status.
b From among those who were sexually active.
c From those reported to have engaged in casual sex.had a significant inverse relationship with the duration of stay
in the village (Table 3). The same relationship was recorded
for proportion of participants having a positive RPR test, in
both men and women. However, this relationship was not
statistically significant.ong men in a rural village in the Kilimanjaro region of Tanzania
n in-migrants
313 n (%)
Long term
in-migrants
n = 224 n (%)
Recent
in-migrants
n = 45 n (%)
p-Value for
trend test a
0 (86.3) 202 (90.2) 42 (93.3) 0.007
9 (44.1) 98 (48.5) 25 (59.5) 0.011
9 (9.3) 28 (12.5) 6 (13.3) 0.210
9 (9.3) 34 (15.2) 11 (24.4) 0.003
9 (10.7) 39 (19.3) 10 (23.8) 0.024
7 (47.0) 94 (46.5) 20 (47.6) 0.946
3 (49.3) 97 (48.0) 20 (47.6) 0.852
1 (60.7) 68 (67.9) 24 (81.5) 0.041
7 (2.6) 28 (13.9) 7 (16.7) 0.037
7 (11.8) 30 (13.4) 10 (22.2) 0.025
8 (6.7) 18 (8.9) 6 (14.3) 0.014
4 (1.5) 4 (2.0) 2 (4.8) 0.446
6 (2.2) 4 (2.0) 2 (4.8) 0.515
4 (1.3) 3 (1.3) 3 (6.7) 0.401
enital discharge syndrome; RPR, rapid plasma reagin.
Table 3 Comparison of HIV-1 risk factors by in-migration status among women in a rural village in the Kilimanjaro region of
Tanzania
Variables Category Non in-migrants
n = 442 n (%)
Long term
in-migrants
n = 354 n (%)
Recent
in-migrants
n = 76 n (%)
p-Value for
trend test a
Sexually active Yes 382 (86.4) 326 (92.1) 71 (93.4) 0.005
Age at sexual debutb <17 years 136 (35.6) 144 (44.2) 35 (49.3) 0.048
HIV transmission knowledge Not knowledgeable 38 (8.6) 39 (11.0) 10 (13.2) 0.018
HIV risk perception Not at risk 48 (10.9) 60 (16.9) 16 (21.1) 0.006
No. partners past 12 monthsb 2 38 (9.9) 36 (11.0) 10 (14.1) 0.050
No. partners past 5 yearsb 2 84 (22.0) 66 (20.2) 18 (25.4) 0.858
Ever used condomb Yes 109 (28.5) 98 (30.1) 24 (33.8) 0.274
Condom use during last casual sexc Not used 37 (31.0) 41 (43.6) 18 (54.2) 0.038
Exchanged money/goods for sexb Yes 33 (8.6) 24 (7.4) 8 (11.3) 0.116
Local brew once/week Yes 53 (12.0) 52 (14.7) 11 (14.5) 0.529
Treated for STI past 5 yearsb Yes 15 (3.9) 16 (4.9) 4 (5.6) 0.043
Treated for GUD past 1 monthb Yes 5 (1.3) 2 (0.6) 3 (4.2) 0.291
Treated for GDS past 1 monthb Yes 19 (5.0) 10 (3.1) 4 (5.6) 0.315
Positive RPR test Yes 11 (2.5) 10 (2.8) 5 (6.6) 0.116
STI, sexually transmitted infection; GUD, genital ulcer disease; GDS, genital discharge syndrome; RPR, rapid plasma reagin.
a p-Value for trend test in proportion across immigration status.
b From among those who were sexually active.
c From those reported to have engaged in casual sex.
Table 4 Multivariate analysis of the association between in-migration status and HIV-1 infection among adults in a rural village in
the Kilimanjaro region of Tanzania
Outcome: HIV-1 seropositivity Variables Men AOR (95% CI) a Women AOR (95% CI) a
Recent in-migrants 2.4 (1.8—6.6) 2.3 (1.1—5.0)
Long term in-migrants 1.4 (0.4—4.3) 1.1 (0.6—1.8)
AOR, adjusted odds ratio; CI, confidence interval.
a Adjusted for sociodemographic and behavioral factors. Non in-migrants were a reference group.
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Out of 1528 participants, 37 (2.4%) declined blood testing for
HIV and syphilis. From 1491 who accepted blood testing, the
prevalence of HIV-1 infection was 5.0%, 6.9%, and 9.1% among
non-in-migrants, long-term in-migrants, and recent in-
migrants, respectively (ptrend = 0.020). The corresponding
prevalences were 1.8%, 2.3%, and 3.7% for men (ptrend
< 0.001) and 9.2%, 11.5%, 14.5% for women (ptrend = 0.048).
HIV-1 prevalence was higher among those involved in business
(10.8%) and particularly business for recent in-migrants
(13.6%). After adjusting for demographic characteristics and
risk behaviors, recent in-migration remained an independent
risk factor for HIV-1 infection and this did not differ between
men and women (men: AOR 2.4, 95% CI 1.8—6.6; women: AOR
2.3, 95% CI 1.1—5.0) (Table 4).
Discussion
A high level of rural in-migration of both men and women was
revealed in this study village. In-migrants constituted nearly
half (48.1%) of the village population, and a substantial
proportion of participants (8.3%) reported recent in-migra-
tion. This highlights the importance of in-migrants in diseasespread in rural areas, as they constituted a large proportion
of the village population.
Most studies in Africa have examined the HIV risk among
migrant men, and some have looked at the risk of their
partners in the village.9,13—17 The uniqueness of this study is
the fact that we managed to show that migration occurs
for both men and women and that both sexes are at high risk
of HIV infection. Moreover, this is the first study to our
knowledge that has examined HIV risk among rural in-
migrants (people who move to establish themselves in rural
areas) as opposed to the well-described rural—urban cir-
cular migration.
In-migration status was a consistent risk factor for HIV
infection even after adjusting for potential confounders.
Both men and women in-migrants had increased risk of
HIV-1 infection. HIV-1 prevalence increased inversely with
the time lived in the village, as did the associated sexual risk
behaviors. Recent in-migrants were at significantly higher
risk than any other group underpinning the importance of
targeting new rural in-migrants in order to combat the
escalating epidemic. Similar findings have been observed
in other studies in Africa and Asia.7,9,13 Studies in rural
Uganda have reported a higher prevalence of HIV infection
among in-migrants than out-migrants.27,28 Increased risk of
HIV infection among in-migrants has recently been reported
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Arusha.29 In-migrants who were establishing themselves in
the village for work of business related to ricemay have come
from urban areas like Moshi town, which is an area of high HIV
transmission. This therefore increased the probability of HIV
infection among these in-migrants. Rural in-migration of
people living with HIV in search of care from their families
and avoiding stigma and discrimination in urban areas have
been reported.10,11 This could be the case in this village due
to the known Chagga and Pare tradition of in-migrating to
their ancestral land in the event of illness or death.24 Because
this is an old tradition from before the time of discovery of
HIV/AIDS in the region, it may be difficult to link the illness to
HIV/AIDS especially for the less educated rural population.
In-migrants, then, operate in a context relatively free of
stigma. Their financial resources, which tend to be greater
than those of their fellow village inhabitants, offer oppor-
tunity for mobility that would otherwise be minimized. This,
in turn, provides in-migrants with opportunities for sexual
intercourse, which, as we demonstrate, they take advantage
of to a degree not seen in the behavior of long-standing
village inhabitants.
Individual HIV risk perception was lower among in-
migrants than non-in-migrants in this study. The perception
of one’s risk of HIV infection is an important factor for HIV-1
prevention, as individual risk perception has been shown to
correlate with self-reported behaviors.30 In-migrant women
were also found to have poor HIV transmission knowledge,
which is an important prerequisite for eliciting good per-
ceived risk. All these factors are known to facilitate HIV-1
transmission in this community and may have played a role in
the increased risk of HIV-1 infection among in-migrants in this
population.26,31
Social control is stronger in the villages and it appears
likely that this reduced the risk of HIV infection among non-
in-migrants.21,24 In this population, we also found that the
majority of in-migrants were from other non-indigenous
tribes. It could be possible that in-migrants had different
sociocultural norms that are more permissive to risk beha-
viors than non-in-migrants. As individuals who had in-
migrated more than 1 year preceding the survey (after social
integration) did not have a significant HIV-1 risk after adjust-
ing for other factors, this couldmean that this group has lived
in the village long enough to adopt indigenous social control
norms. While in-migrants and non-in-migrants in our popula-
tion had the same mean age, a significant proportion of in-
migrants reported more risk behaviors than non-in-migrants
similar to what has been reported in other studies.4,7,13,17
Moreover, the majority of in-migrants were engaging in
business, probably rice trading (a group with high HIV-1
prevalence), compared to non-in-migrants. Engaging in busi-
ness increases travel and economic opportunities, which may
contribute to increased alcohol consumption and engaging in
commercial and transactional sex. Drinking alcohol may
facilitate contact with commercial sex workers in bars and
increase desire for multiple sexual partners and unprotected
casual sex.32—36 These factors were found to be independent
risk factors for HIV-1 infection pointing to in-migrants con-
stituting a higher risk group. This finding is supported by a
recent study in South Africa, which showed that risk beha-
viors are more important in shaping in-migrants HIV risk than
exposure to different transmission intensity.9Interpretation of the results of this study should be con-
sidered in the light of a number of limitations. Firstly, the
reasons given for in-migration were speculative and further
studies including in-depth interviews are needed to under-
stand those reasons as well as other qualitative experiences
of in-migration. This information may prove useful in the
design of interventions. Secondly, the cross-sectional nature
of this study limits the interpretation of the complex tem-
poral relationship between factors found to be indepen-
dently associated with HIV infection. However, most of
these factors have been described in stronger designs and
found to potentiate HIV-1 transmission. Thirdly, we used a
crude measure of in-migration and were not able to inves-
tigate out-migration. We also did not report the place of
origin of in-migrants in this village, which could be important
in risk assessment. However, some studies have found that
regardless of the place of origin, destination plays an impor-
tant role in risk factor modification and hence HIV-1 trans-
mission or acquisition.17 Moreover, out-migrants have
recently been found to have the same HIV-1 incidence and
risk behaviors as compared to residents, thus this group may
have no effect on the conclusions made by this paper.25
Lastly, external validity is a critical issue when data from a
selected rural community are extrapolated to the whole rural
population. The presence of agricultural activities in the
village may make this village unique, limiting the general-
ization of these results to the whole rural population in the
country.
In summary, we have confirmed our hypotheses in this
study. In-migration of both men and women was common in
this rural community. In-migrants had higher prevalence of
HIV-1 infection and sexual risk behaviors, and these were
inversely related to the number of years since in-migration.
Therefore, this study provides evidence that in-migrants
have higher sexual risk behaviors and contribute significantly
to the increased baseline rural HIV-1 prevalence. Many stu-
dies have focused on circular migration (urban—rural) of men
and have not addressed permanent rural in-migrants; our
results from a rural destination indicate that the increase in
the rural HIV epidemic could be due to in-migration of both
high-risk men and women. The observed movement of high-
risk groups into rural areas may have a role to play in the
reported decline in the prevalence of HIV-1 infection in urban
areas, warranting further investigation. Further studies
involving other rural communities are needed to yield more
information on the trends and causes of rural in-migration as
well as ways of implementing intervention programs without
eliciting stigma and discrimination. Programs targeting this
group with the aim of increasing their HIV knowledge and risk
perception, and other behavioral interventions could then be
easy to implement.Acknowledgements
The authors are grateful to the participants for their time and
to the hardworking spirit of our research team. We also thank
Prof. Mark Lurie of Brown University Medical School, Rhode
Island, USA for his professional advice on categorization of in-
migration status. This work was funded in part by a grant from
The Norwegian Programme for Development, Research and
Higher Education (NUFU) and facilitated by the collaborating
The role of in-migrants in the HIV-1 epidemic 525institutions: Muhimbili University College of Health Sciences,
Kilimanjaro Christian Medical College, the Centre for Educa-
tion in Health Development Arusha in Tanzania, and the Uni-
versities of Oslo and Bergen, Norway. Additional financial
support was provided through the Centre for Prevention of
Global Infection (GLOBINF) at the University of Oslo.
Conflict of interest: No conflict of interest to declare.
References
1. Wilson M. Travel and the emergence of infectious diseases.
Emerg Infect Dis 1995;1:39—46.
2. Boerma JT, Urassa M, Nnko S, Ng’weshemi J, Isingo R, Zaba B,
et al. Sociodemographic context of the AIDS epidemic in a rural
area in Tanzania with a focus on people’s mobility and marriage.
Sex Transm Infect 2002;78:i97—105.
3. Bwayo J, Plummer F,OmariM,MutereA,Moses S,Ndinya-Achola J,
et al. Human immunodeficiency virus infection in long-distance
truck drivers in east Africa. Arch Intern Med 1994;154:1391—6.
4. Zuma K, Gouws E, Williams B, Lurie M. Risk factors for HIV
infection among women in Carletonville, South Africa: migra-
tion, demography and sexually transmitted diseases. Int J STD
AIDS 2003;14:814—7.
5. Barongo LR, Borgdorff MW, Mosha FF, Nicoll A, Grosskurth H,
Senkoro KP, et al. The epidemiology of HIV-1 infection in urban
areas, roadside settlements and rural villages in Mwanza Region,
Tanzania. AIDS 1992;6:1521—8.
6. Mabey D, Mayaud P. Sexually transmitted diseases in mobile
populations. Genitourin Med 1997;73:18—22.
7. Nunn AJ, Wagner HU, Kamali A, Kengeya-Kayondo JF, Mulder DW.
Migration and HIV-1 seroprevalence in a rural Ugandan popula-
tion. AIDS 1995;9:503—6.
8. Killewo J, Nyamuryekunge K, Sandstrom A, Bredberg-Ra˚de´n U,
Wall S, Mhalu F, et al. Prevalence of HIV-1 infection in the Kagera
region of Tanzania: a population-based study. AIDS 1990;4:
1081—5.
9. Coffee MP, Garnett GP, Mlilo M, Voeten HA, Chandiwana S,
Gregson S. Patterns of movement and risk of HIV infection in
rural Zimbabwe. J Infect Dis 2005;191(Suppl 1):S159—67.
10. Berk ML, Schur CL, Dunbar JL, Bozzette S, Shapiro M. Short
report: migration among persons living with HIV. Soc Sci Med
2003;57:1091—7.
11. Mark E, Muschkin C. Migration of persons with AIDS–—a search for
support from elderly parents? Soc Sci Med 1996;43:1109—18.
12. Urassa M, Boerma JT, Isingo R, Ngalula J, Ng’weshemi J, Mwaluko
G, et al. The impact of HIV/AIDS on mortality and household
mobility in rural Tanzania. AIDS 2001;15:2017—23.
13. Hu Z, Liu H, Li X, Stanton B, Chen X. HIV-related sexual behaviour
amongmigrants and non-migrants in a rural area of China: role of
rural-to-urban migration. Public Health 2006;120:339—45.
14. Kishamawe C, Vissers DC, Urassa M, Isingo R, Mwaluko G, Bors-
boom GJ, et al. Mobility and HIV in Tanzanian couples: both
mobile persons and their partners show increased risk. AIDS
2006;20:601—8.
15. Lurie MN, Harrison A, Wilkinson D, Abdool-Karim S. Circular
migration and sexual networking in rural KwaZulu/Natal: impli-
cations for the spread of HIV and other sexually transmitted
diseases. Health Trans Rev 1997;7:17—27.
16. Zuma K, Lurie MN, Williams B, Mkaya-Mwamburi D, Garnett GP,
Sturm AW. Risk factors of sexually transmitted infections among
migrant and non-migrant sexual partnerships from rural South
Africa. Epidemiol Infect 2005;133:421—8.
17. Lurie MN, Williams BG, Zuma K, Mkaya-Mwamburi D, Garnett G,
Sturm AW, et al. The impact of migration on HIV-1 transmission in
South Africa: a study of migrant and non-migrant men and their
partners. Sex Transm Dis 2003;30:149—56.18. Kayirangwa E, Hanson J, Munyakazi L, Kabeja A. Current trends
in Rwanda’s HIV/AIDS epidemic. Sex Transm Infect 2006;82:
i27—31.
19. Mwaluko G, Urassa M, Isingo R, Zaba B, Boerma JT. Trends in HIV
and sexual behaviour in a longitudinal study in a rural population
in Tanzania, 1994—2000. AIDS 2003;17:2645—51.
20. Mmbaga EJ, Hussain A, Leyna G, Holm-Hansen C, Mnyika KS, Sam
NE, et al. Trends in HIV-1 prevalence and risk behaviours over 15
years in a rural population in Kilimanjaro region of Tanzania.AIDS
Res Ther 2007;4:23.
21. Barnett T, Whiteside A. AIDS in the twenty-first century: disease
and globalization. New York: Palgrave Macmillan; 2006.
22. Mmbaga EJ, Hussain A, Leyna G, Klouman E, Masenga E, Sam N,
et al. Incidence of HIV-1 infection and changes in the prevalence
of reproductive tract infections and sexual risk behaviours: a
population-based longitudinal study in rural Tanzania. AJAR
2006;5:281—8.
23. Klouman E, Masenga E, Klepp KI. HIV and reproductive tract
infections in a total village population in rural Kilimanjaro,
Tanzania: women at increased risk. J Acquir Immune Defic Syndr
Hum Retrovirol 1997;14:136—68.
24. Setel PW. A plague of paradoxes: AIDS, culture and demography
in northern Tanzania. Chicago: The University of Chicago Press;
1999.
25. Mundandi C, Vissers D, Voeten H, Habbema D, Gregson S. No
difference in HIV incidence and sexual behaviour between out-
migrants and residents in rural Manicaland, Zimbabwe. TropMed
Int Health 2006;11:705—11.
26. Mmbaga EJ, Hussain A, Leyna G, Mnyika KS, Klepp KI. Prevalence
and risk factors for HIV-1 infection in rural Kilimanjaro region of
Tanzania: implications for prevention and treatment. BMC Public
Health 2007;7:58.
27. Kamali A, Carpenter LM, Whitworth JA, Pool R, Ruberantwari A,
Ojwiya A. Seven-year trends in HIV-1 infection rates, and
changes in sexual behaviours, among adults in rural Uganda.
AIDS 2000;14:427—34.
28. Mbulaiteye SM,Mahe C,Whitworth JA, Ruberantwari A, Nakiyingi
JS, Ojwiya A, et al. Declining HIV-1 incidence and associated
prevalence over 10 years in a rural population in south-west
Uganda: a cohort study. Lancet 2002;360:41—6.
29. Yahya-Malima KI, Matee MI, Evjen-Olsen B, Fylkesnes K. High
potential of escalating HIV transmission in a low prevalence
setting in rural Tanzania. BMC Public Health 2007;7:103.
30. Markosyan KM, Babikian T, Diclemente RJ, Hirsch JS, Grigoryan S,
del Rio C. Correlates of HIV risk and preventive behaviors in
Armenian female sex workers. AIDS Behav 2007;11:325—34.
31. Mmbaga EJ, Leyna G, Mnyika KS, Hussain A, Klepp KI. Education
attainment and the risk of HIV-1 infections in rural Kilimanjaro
Region of Tanzania, 1991—2005: a reversed association. Sex
Transm Dis 2007;34:947—53.
32. Morrison TC, Diclemente RJ, Wingood GM, Collins C. Frequency
of alcohol use and its association with STD/HIV-related risk
practices, attitudes and knowledge among an African-American
community-recruited sample. Int J STD AIDS 1998;9:608—12.
33. Simbayi LC, Kalichman SC, Jooste S, Mathiti V, Cain D, Cherry C.
Alcohol use and sexual risks for HIV infection among men and
women receiving sexually transmitted infection clinic services in
Cape Town, South Africa. J Stud Alcohol 2004;65:434—42.
34. Hendershot CS, Stoner SA, George WH, Norris J. Alcohol use,
expectancies and sexual sensation seeking as correlates of HIV
risk behaviours in heterosexual young adults. Psychol Addict
Behav 2007;21:365—72.
35. Kongnyuy EJ, Winysonge CS. Alcohol use and extramarital
sex among men in Cameroon. BMC Int Health Hum Rights
2007;7:6.
36. Weiser SD, Leiter K, Heisler M, McFarland W, Percy-de Korte F,
DeMonner SM, et al. A population-based study on alcohol and
high-risk sexual behaviours in Botswana. PloS Med 2006;3:e392.
